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*HQHUDOO\/LFHQVH3ODWH5HFRJQLWLRQV\VWHPLQFOXGHVWKHIROORZLQJVWHSVYHKLFOHLPDJHDFTXLVLWLRQOLFHQVHSODWH
LPDJHORFDWLRQLPDJHSUHSURFHVVLQJDQGFKDUDFWHUUHFRJQLWLRQ7KHGHWHFWLRQVWHSLVFUXFLDOIRUWKH/35UHVXOW6RPH
DSSOLFDWLRQVXVHWZRVHWVRI/3DQGQRQ/3UHJLRQVIRU/3FODVVLILFDWLRQ
7KHFKDUDFWHUVVHJPHQWDWLRQVWHSVHSDUDWHVFKDUDFWHUVIURPRWKHUVLQD/3VRWKDWRQO\WKHSUHFLVHFRQWRXUVRIHDFK
FKDUDFWHU LPDJH EORFN DUH NHSW IRU UHFRJQLWLRQ )LQDOO\ WKH FKDUDFWHU UHFRJQLWLRQ VWHS FRQYHUWV LPDJHV EDVHG RQ
SUHGHILQHGUHFRJQLWLRQPRGHOV
7KHSUHVHQWSDSHULVVWUXFWXUHGDVIROORZVILUVWDVXUYH\RIUHODWHGZRUNVLVSURYLGHG6HFRQGO\DQRYHUYLHZRI
WKHV\VWHPDQGLWVVXEV\VWHPVLVSUHVHQWHG7KHSDSHUFRQFOXGHVZLWKDQHYDOXDWLRQRIRXUPHWKRGSHUIRUPDQFHRQWKH
/35V\VWHPDQGDGLVFXVVLRQRISRVVLEOHH[WHQVLRQV
3UHYLRXVZRUNV
7KLVVHFWLRQSURYLGHVDEULHIUHIHUHQFHWRWKHUHOHYDQWOLWHUDWXUHGHSHQGLQJRQWKHLUPDMRUFRQWULEXWLRQWRWKHWKUHH
W\SLFDOVWDJHVRIOLFHQVHSODWHUHFRJQLWLRQ
2.1. License plate detection 
7\SLFDOOLFHQVHSODWHGHWHFWLRQV\VWHPVDUHEDVHGRQWKHIROORZLQJWHFKQLTXHVHGJHGHWHFWLRQVWDWLVWLFDODQDO\VLV
PDWKHPDWLFDOPRUSKRORJ\DGDSWLYHERRVWLQJQHXUDOQHWZRUNVFRDUVHWRILQHVWUDWHJLHVDQGYHFWRUTXDQWL]DWLRQ
$PHWKRGSURSRVHGE\ >@ LQZKLFK WKH DXWKRUV RQVLGHU IRXU VWHSV WR GHWHFW/3 YHUWLFDO HGJHGHWHFWLRQ HGJH
VWDWLVWLFDO DQDO\VLV KLHUDUFKLFDOEDVHG OLFHQVH SODWH ORFDWLRQ DQG PDWKHPDWLFDO PRUSKRORJ\EDVHG OLFHQVH SODWH
H[WUDFWLRQ7KHGDWDEDVHLVUHDFTXLUHGLQGLIIHUHQWOLJKWLQJFRQGLWLRQVFORXG\VXQQ\DQGQLJKWWLPH6REHORSHUDWRU
PDWKHPDWLFDOPRUSKRORJLFDORSHUDWRUVDQGFRORUDQDO\VLVDUHXVHGLQRUGHUWRH[WUDFWWKHYHUWLFDOHGJHVRIWKHLPDJHV
ZKLOHPRVWRIWKHEDFNJURXQGHGJHVDUHUHPRYHG>@7KLVPHWKRGLVWHVWLQJLPDJHVLQGLIIHUHQWFRQGLWLRQV
$UREXVWDSSURDFKFRQVLGHUVGLIIHUHQWIHDWXUHVRIOLFHQVHSODWH7KH\WU\WRILQGWKHOLFHQVHSODWHFDQGLGDWHVEDVHG
RQYHUWLFDOHGJHVPRUSKRORJLFDORSHUDWLRQDQGFRORUDQDO\VLVRIWKHLPDJHVWKHQWKH\HOLPLQDWHWKHLQFRUUHFWFDQGLGDWH
UHJLRQVEDVHGRQ LPDJHVIHDWXUHV LQRUGHU WRREWDLQ WKHFRUUHFW OLFHQVHSODWHUHJLRQV)XUWKHUPRUH >@XVHDQRYHO
PDWFKHGILOWHUZKLFKZDVVXJJHVWHGWRGHWHFWSODWHFDQGLGDWHV7KLVILOWHUPRGHOVWKHGHQVLW\RIYHUWLFDOHGJHDWWKH
QHLJKERUKRRGRISODWHDUHD,WLVGHILQHGDVDPL[WXUHRI*DXVVLDQIXQFWLRQV
2WKHUDSSURDFKEDVHGRQ':7'LVFUHWH:DYHOHW7UDQVIRUPLVSURSRVHG>@7KH/3ORFDOL]DWLRQFDQEHH[WUDFWHG
IURPGLIIHUHQWTXDOLW\RIVRXUFHLPDJHVXQGHUFRPSOH[HQYLURQPHQWVE\XVLQJWZRIUHTXHQF\VXEEDQGV7KH\ILUVWXVH
WKH+/VXEEDQGWRVHDUFKWKHIHDWXUHVRI/3DQGWKHQYHULI\WKHIHDWXUHVE\FKHFNLQJZKHWKHULQWKH/+VXEEDQGH[LVWV
DKRUL]RQWDOOLQHDURXQGWKHIHDWXUH
$Q/35 WHFKQLTXHZKLFKEDVHGRQ WZRPDLQPRGXOHV LVSURSRVHGE\ >@7KH OLFHQVHSODWH ORFDWLQJPRGXOH
DWWHPSWV WR H[WUDFW /3 IURP DQ LQSXW LPDJH DQG WKHQ LW ZLOO LGHQWLI\ WKH OLFHQVH QXPEHU PRGXOH ZKLFK LV
FRQFHSWXDOL]HGLQWHUPVRIQHXUDOQHWZRUNVWKDWDLPWRLGHQWLI\WKHQXPEHULQWKH/3
5HFHQWVWXGLHVRI>@SURSRVHGDUREXVWPHWKRGIRUH[WUDFWLQJDQGGHWHFWLQJOLFHQVHSODWHVIURPVLPSOHLPDJHVRI
7XQLVLDQYHKLFOHVEDVHGRQ*DERUILOWHUVDQGQHXUDOQHWZRUNV
2.2. Character segmentation and recognition 
0DQ\WHFKQLTXHVKDYHEHHQDSSOLHGWRGHWHFWWKHFKDUDFWHUUHJLRQVLQDQLQSXWSODWHLPDJH(GJHGHWHFWLRQDSSURDFK
LQ>@IRUFKDUDFWHUVHJPHQWDWLRQDPXOWLVW\OH/3SURFHVVLQJLVDSSOLHG+RZHYHUIRXUFULWLFDOIDFWRUVSURSRVHG
SODWHURWDWLRQDQJOHFKDUDFWHUOLQHQXPEHUWKHDOSKDQXPHULFW\SHVXVHGDQGFKDUDFWHUIRUPDWV%RWKSURFHGXUHVEDVHG
RQDPDWKHPDWLFDOPRUSKRORJ\DSSURDFKDQGFRQQHFWHGFRPSRQHQWVDQDO\VLVDUHFRQVLGHUHG>@,QGHHGDPXOWLSOH
LPDJHELQDUL]DWLRQXVLQJGLIIHUHQWJOREDOWKUHVKROGVWKHQD'0DUNRY5DQGRP)LHOGVLVDSSOLHG*HQHWLFDOJRULWKPV
>@DQGODWHUDOKLVWRJUDPDQDO\VLVSURSRVHG>@LQ)HHG)RUZDUG1HXUDO1HWZRUNVDUHFRQVLGHUHGDQGWUDLQHGZLWK
WKH%ORFN5HFXUVLYH/HDVW6TXDUHV%5/6OHDUQLQJDOJRULWKP
$GLUHFWWHPSODWHPDWFKLQJ>@LVXVHGRQWKHZKROHSODWHLPDJH(DFKVXELPDJHLVFKHFNHGIRUDWHPSODWHXVLQJ
DFURVVFRUUHODWLRQRSHUDWRU
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7KHSURSRVHGPHWKRG
7KHSUHVHQWZRUN LV UHODWHG WRUHFHQWDSSURDFKHV LQ WLPHIUHTXHQF\DQDO\VLVEXW LWFDSLWDOL]HVRQDQHZIHDWXUH
VSDFHEDVHGRQDXWRFRUUHODWLRQIHDWXUHDQGQHXUDOQHWZRUNUHFRJQLWLRQ
,QWKLVVHFWLRQDQRYHUYLHZRIWKHSURSRVHGPHWKRGWKDWLPSOHPHQWVWKHDYHUDJHGSL[HOVDOJRULWKPLVSUHVHQWHG
7KHSURSRVHGV\VWHPLQFRUSRUDWHVWKHIROORZLQJVXEV\VWHPV/LFHQVH3ODWH'HWHFWLRQ&KDUDFWHU6HJPHQWDWLRQDQG
5HFRJQLWLRQ)LJVKRZVWKHDUFKLWHFWXUHRIWKHSURSRVHGPHWKRG


)LJ*OREDO0HWKRG$UFKLWHFWXUH
3.1. Plate extraction 
7KHIORZFKDUWRIWKH/3H[WUDFWLRQPRGXOHZDVSUHVHQWHGLQ)LJ7KHGLODWDWLRQVWHSUHPRYHVVRPHFKDUDFWHULVWLFV
RI WKH LPDJH GXH WR ORVV RI VRPH LPSRUWDQW SDUDPHWHUV VXFK DV FRORU GLIIHUHQFH HGJHV LOOXPLQDWLRQ GXULQJ WKH
FRQYHUVLRQIURP5*%WRJUD\IRUP
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





)LJ)ORZFKDUWRIWKHOLFHQVHSODWHH[WUDFWLRQPRGXOH
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1H[WZHSURFHVVKHHGJHVLQWKHERWKKRUL]RQWDODQGYHUWLFDOGLUHFWLRQKRUL]RQWDODQGYHUWLFDOKLVWRJUDP,QGHHG
WKH\UHSUHVHQWWKHVXPRIGLIIHUHQFHVRIJUD\YDOXHVEHWZHHQQHLJKERXULQJSL[HOVRIDQLPDJHFROXPQZLVHDQGURZ
ZLVH7KHQHDFKKLVWRJUDPLVSDVVHGWKURXJKDORZSDVVILOWHULQRUGHUWRVPRRWKRXWVXFKGUDVWLFFKDQJHVLQYDOXHV
RIKLVWRJUDPEHWZHHQFRQVHFXWLYHFROXPQVDQGURZV6R/RZSDVVILOWHUVDUHXVHGWRVPRRWKWKHLPDJHDQGUHPRYH
WKHKLJKIUHTXHQF\FRPSRQHQWVUHODWHGWRQRLVH6PRRWKLQJHIIHFWLVDFKLHYHGLQWKHIUHTXHQF\GRPDLQE\DWWHQXDWLQJ
DVSHFLILHGUDQJHRIKLJKIUHTXHQF\FRPSRQHQWVLQWKHWUDQVIRUPHGLPDJH
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WKHPDVN)LQDOO\DG\QDPLFWKUHVKROGHTXDOWRWKHDYHUDJHYDOXHRIDKLVWRJUDPLVDSSOLHGWRILOWHURXWERWK
KRUL]RQWDODQGYHUWLFDOKLVWRJUDPVYDOXHV:HREWDLQUHJLRQVKDYLQJKLJKSUREDELOLW\RIFRQWDLQLQJDQXPEHUSODWH
)LJVKRZWKHLQSXWLPDJHDQGWKHLUILOWHUHGKRUL]RQWDODQGYHUWLFDOKLVWRJUDP)URPWKHDERYHKLVWRJUDPVZHORRN
IRUGLIIHUHQWUHJLRQVZKLFKKDYHPD[LPXPSUREDELOLW\RIFRQWDLQLQJDOLFHQVHSODWH7KHQZHORRNIRUWKHUHJLRQ
ZLWKWKHPD[LPXPYDOXHRIWKHKLVWRJUDPZKLFKFRQVLGHUHGWKHPRVWOLNHO\FDQGLGDWHIRUWKHOLFHQVHSODWH7KHUHVW
GRHVQRWFRUUHVSRQGWRWKHSODWHVZLOOEHUHPRYHGIURPWKHLPDJH
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)LJ9HUWLFDODQG+RUL]RQWDO(GJH3URFHVVLQJ+LVWRJUDP
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3.2. Skew correction  
%HIRUHWKHQXPEHUVHJPHQWDWLRQRSHUDWLRQZHXVHVRPHPRUSKRORJLFDOWUHDWPHQWV,QIDFWZHXVHGLODWLRQHURVLRQ
DQGRSHQLQJRSHUDWLRQVZLWKWKHVDPHVWUXFWXULQJHOHPHQW,QVRPHLPDJHVZHPXVWHIIHFWVRPHSUHSURFHVVLQJIRU
VNHZFRUUHFWLRQ6RDIWHUILOWHULQJWKHLPDJHUHVXOWZLOOEHSURFHVVHGWRFDOFXODWHWKHDQJOHRIVNHZRIWKHZULWLQJOLQH
RIFKDUDFWHUVWKHUHIRUHWKHLPDJHZLOOEHFRUUHFWHGE\URWDWLQJDFFRUGLQJWRWKHFDOFXODWHGDQJOHEDVHGRQWKHFHQWHUV
RIFRQQHFWHGUHJLRQVWKDWIRUPFKDUDFWHUV>@
7KHPDLQLGHDLVWRILQG³YDOLG´FKDUDFWHUUHJLRQVDQGFRPSXWHFHQWURLGRIHDFK³YDOLG´UHJLRQ7KHOHDVWVTXDUH
OLQH baxy  LVJHQHUDWHGE\WKHVHFHQWURLGV)LQDOO\WKHVNHZDQJOHTEHWZHHQOHDVWVTXDUHOLQHDQGKRUL]RQWDO
OLQHFDQEHFDOFXODWHGE\WKH  kDUFWDQ T /HWF(x,y)WKHVNHZHGLPDJHF’(x’,\¶LVWKHGHVWLQDWLRQLPDJHZLWKRXW
VNHZZDVFDOFXODWHGXVLQJWKHIROORZHTXDWLRQ7KHRXWSXWLVVKRZQE\WKHILJ
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)LJ$QJOHRIVNHZFRUUHFWLRQHTXDWLRQ
3.3. Number segmentation  
7KHDLPRIWKLVVWDJHLVWRVHSDUDWHWKHQXPEHUVIURPWKHSODWHLQRUGHUWRVLPSOLI\WKHUHFRJQLWLRQWDVNIRUWKH
QHXUDOQHWZRUN7KLVVWHSWDNHVDVLQSXWWKHLPDJHRIWKHFRUUHFWHGSODWHSUHSURFHVVHGDQGWKDWFRQWDLQVRQO\QXPEHUV
LQWKHSODWH7KHVHJPHQWDWLRQLVSHUIRUPHGE\UHJLRQ7KHVHJPHQWDWLRQEDVHGRQUHJLRQVLVDVSHFLILFDSSURDFKXVHG
WRFUHDWHVXUIDFHVLQJDWKHULQJQHLJKERULQJSL[HOVDFFRUGLQJWRDKRPRJHQHLW\FULWHULRQVXFKDVJUD\OHYHORUWH[WXUH
3L[HOVDUHJURXSHGLQWRUHJLRQVDQGZKLFKIRUPDSDUWLWLRQRIWKHLPDJH7KHUHVXOWLVDVHWRIUHJLRQVZKLFKIRUPE\
WKHLUPHHWLQJWKHHQWLUHLPDJH
7KHVHUHJLRQVDUHUHODWHGDOOSL[HOVLQWKHVDPHUHJLRQDUHFRQWLJXRXVIRUPHGE\KRPRJHQHRXVSL[HOVEHWZHHQ
WKHP$VDJDLQVWWKHSL[HOVRIDGMDFHQWUHJLRQVDUHQRWXQLIRUPEHWZHHQWKHP,QIDFWWKHVHJPHQWDWLRQE\UHJLRQ
UHSUHVHQWVDSDUWLWLRQRIWKHLPDJHLQWRUHJLRQV555QWKDWVDWLVI\DKRPRJHQHLW\FULWHULRQ
3.4. Feature extraction  
7KHIHDWXUHVH[WUDFWLRQPRGXOHUHFRJQLWLRQLVEDVHGRQDYHUDJHGSL[HOVPHWKRG,QIDFWWKHPDWUL[RIWKHLPDJHLV
IUDJPHQWHGLQWRS[TDUHDVRIWKHVDPHVL]H7KHDYHUDJHYDOXHRIJUD\OHYHOVRIDOOSL[HOVLQHDFKDUHDLVFDOFXODWHG
7KHQWKHUHVXOWLVXVHGDVDQHOHPHQWRIWKHIHDWXUHYHFWRUZKLFKKDYHWKHVDPHVL]HRIS[T)LJVKRZVWKHPHWKRG
SULQFLSOHDQGLWVUHVXOWDSSOLHGRQDH[WUDFWHGOLFHQVHSODWHLPDJH2WKHUZLVHZHUHVL]HLQWKHILUVWVWDJHWKHFKDUDFWHU
LPDJHREWDLQHGDIWHUVHJPHQWDWLRQ
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7KHSURFHVVRIFKDUDFWHUVQRUPDOLVDWLRQPDNHVYHU\HDVLO\WKHGHFUHDVHRIWKHLUVL]H6LQFHLWLVHQRXJKWRUHGXFH
WKH QRUPDOLVDWLRQ GLPHQVLRQV YDOXHV 6HYHUDO SL[HOV RI WKH RULJLQDO LPDJH DUH EHLQJ UHSODFHG E\ WKHLU DYHUDJH
DULWKPHWLF YDOXH :KHQ WKH QRUPDOLVDWLRQ GLPHQVLRQ EHFRPHV UHODWLYHO\ ORZ LW LV SUHIHUDEOH WR SUHVHUYH DIWHU
UHGXFWLRQDQLPDJHLQOHYHOVRIJUD\UDWKHUWKDQELQDU\
7KLVLVDQLPSRUWDQWVWHSWRPLQLPL]HWKHORVVRILQIRUPDWLRQ7KHQRUPDOLVDWLRQGLPHQVLRQVPXVWEHVXIILFLHQWO\
KLJKLQRUGHUWRDYRLGWKHORVVRIGLVFULPLQDWLQJLQIRUPDWLRQ
















)LJ$YHUDJHGSL[HOVPHWKRGSULQFLSOH

:HSHUIRUPWKHVXPRIHDFKLWHPVLQDFROXPQIRUHDFKOLQHVDQGWKHQZHFDOFXODWHWKHVXPRIWKHREWDLQHG
YDOXHVLQDYHFWRUV:HUHSHDWWKLVVWHSIRUWKHQLQHIROORZLQJFROXPQ7KHQZHJHQHUDWHDQRWKHUYHFWRUkZKLFKWKH
VXPRIVHOHPHQWV7KLVRSHUDWLRQZLOOEHUHSHDWHGXQWLOWKHHQGRIWKHPDWUL[VL]HRIWKHLPDJH7KHkYHFWRUZLOO
FRQWDLQHOHPHQWVDVVRFLDWHWRWKHPDWUL[VL]HRIWKHLPDJH,QDODVWVWHSZHFDOFXODWHWKHIHDWXUHH[WUDFWLRQYHFWRU
VcE\DSSO\LQJWKHDYHUDJHRIVHOHPHQWV

  > @
  ikiVci 
3.5. Number recognition  
)RUWUDLQLQJZHXVHD1HXUDO1HWZRUNDVDFODVVLILHU7KHFODVVLILHUKDV LQSXWVFRUUHVSRQGLQJWR WKHYHFWRUVRI
GHVFULSWRUVJHQHUDWHGXVLQJDYHUDJHGSL[HOVPHWKRGDQGLWKDVRXWSXWVFRUUHVSRQGLQJWRWHQFKDUDFWHUV7KH
QHWZRUNZDVWUDLQHGZLWKWKHVFDOHGFRQMXJDWHJUDGLHQWEDFNSURSDJDWLRQIXQFWLRQ0XOWL/D\HUFROOHFWLRQZLWKEDFN
SURSDJDWLRQDOJRULWKPWUDLQLQJ7KHXVHG1HXUDO1HWZRUNVQHHGWKUHHOD\HUVRQHLQSXWRQHKLGGHQDQGRQHRXWSXW
7KHOHDUQLQJVWHSLVVXSHUYLVHGDQGLWEDVHGRQWKHJUDGLHQWEDFNSURSDJDWLRQDOJRULWKPZKLFKLVDJHQHUDWHGRQ
:LGURZ+RIIOHDUQLQJUXOHE\LQZKLFKWKHHUURULVQRWUHVWULFWHGWRKDYLQJYDOXHVRIRUEXWPD\KDYHDQ\
YDOXH$GGLWLRQDOLWFDQEHGHULYHGIRUDQ\GLIIHUHQWLDEOHRXWSXWDFWLYDWLRQIXQFWLRQ
([SHULPHQWDOUHVXOWV
,QWKLVVHFWLRQZHSUHVHQWWKHUHVXOWVRIWHVWVRIH[WUDFWLRQDQGUHFRJQLWLRQPRGXOHVRIOLFHQVHSODWH
,QGHHGWKHSURSRVHGPHWKRGLVHYDOXDWHGRQD3&ZLWKu*+]&38*%5$0DQG:LQGRZVRSHUDWLQJ
V\VWHP7KHPHWKRGLVLPSOHPHQWHGXVLQJWKH0DWODE7RWHVWWKHSHUIRUPDQFHRIWKLVPHWKRGZHFRPSDUHWKHUHVXOWV
RIRXUPHWKRGIRUWKHERWKOLFHQVHSODWHH[WUDFWLRQDQGUHFRJQLWLRQPRGXOHV
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4.1. LP and Character Image Database 
([SHULPHQWVRIGHWHFWLRQDQGUHFRJQLWLRQZHUHFDUULHGRXWLQRUGHUWRHYDOXDWHWKHPHWKRGVXJJHVWHG,QGHHGWZR
GDWDEDVHVZHUHHPSOR\HGLPDJHVIRUH[SHULPHQWVRIGHWHFWLRQDQGLPDJHVHPSOR\HGIRUWKHUHFRJQLWLRQ7KH
LPDJHV DUH UHVL]HG WR [SL[HOV DQG WDNHQ IURPGLIIHUHQW ORFDWLRQV W\SHVRI FDUV URDG FRQGLWLRQV OLJKWLQJ
GLIIHUHQWEDFNJURXQGDQGFOHDQW OLQHVVFRQGLWLRQV7KHQXPEHURI LPDJHVXVHG LQ WKHH[WUDFWLRQDQGVHJPHQWDWLRQ
SURFHVVLVVKRZQLQWDEOH
7DEOH,PDJHGDWDEDVHIRU/3H[WUDFWLRQPRGXOHDVZHOODVFKDUDFWHUUHFRJQLWLRQRQHDQGWKHLUVXFFHVVUDWH
0RGXOH 7RWDORILPDJHV 6XFFHVVUDWH
3ODWHH[WUDFWLRQ  
&KDUDFWHUVHJPHQWDWLRQ  
4.2. Detection Results 
7KHH[SHULPHQWDOUHVXOWVVKRZWKDWWKHSURSRVHGPHWKRGFDQH[WUDFWDQGUHFRJQL]HHIILFLHQWO\WKHQXPEHURIOLFHQVH
SODWH
)URP WKLV WDEOH ZH FDQ VHH WKDW WKH SURSRVHGPHWKRG FDQ GHDO WKH LPDJHV FRUUHFWO\ZLWK QRLVH LOOXPLQDWLRQ
YDULDQFHDQGURWDWLRQ)RUWKHRWKHUWKUHHPHWKRGVPRVWPLVORFDWHGSODWHVKDSSHQHGZLWKWKHLPDJHVFRQWDLQLQJVRPH
VSHFLDOREMHFWVEUDQGVUDGLDWRUVEXPSHUVRUFRPSOH[EDFNJURXQGVWUHHVELF\FOHVDQGWKHLPDJHVFDSWXUHGDJDLQVW
WKHVWURQJVXQOLJKWRUXQGHUWKHJORRP\OLJKW7KHIROORZLQJWDEOHSUHVHQWVWKHFRPSDULVRQUHVXOWVZLWKDXWRFRUUHODWLRQ
EDVHGPHWKRG>@DQGPDWKHPDWLFDOPRUSKRORJ\EDVHGPHWKRG>@
7DEOH3HUIRUPDQFHRIGLIIHUHQWOLFHQVHSODWHGHWHFWLRQPHWKRGV
5HIHUHQFHV $FFXUDF\
0RUSKRORJLFDORSHUDWRU>@ 
$XWRFRUUHODWLRQ>@ 
2XUPHWKRG 

,WVKRZVWKDWWKHSURSRVHGPHWKRGDFKLHYHVH[FHOOHQWSHUIRUPDQFH7KHGHWHFWLRQUDWHLQRXUPHWKRGLVODUJHUWKDQ
WKDWRIWKH0RUSKRORJLFDORSHUDWRU>@DQG'LVFUHWH:DYHOHW7UDQVIRUP>@EDVHGPHWKRGV
4.3. Recognition results 
,Q WKH UHFRJQLWLRQPRGXOHZHZLOOZRUN RQ GLIIHUHQW YDULDQWV RI WKH V\VWHP LQ RUGHU WR REVHUYH WKH HIIHFW RI
PRGLILFDWLRQRQWKHUHFRJQLWLRQUDWH:HDUHIRFXVLQJRQWKHERWKQXPEHURIKLGGHQOD\HUVDQGWKH(IIHFWRIQXPEHU
RIQHXURQVLQWKHKLGGHQOD\HU7DEOHVKRZVWKHYDULRXVUHFRJQLWLRQUDWHVGXHWRDYDULDWLRQLQWKHQXPEHURIQHXURQ
LQWKHKLGGHQOD\HU7KHFKRLFHRIWKHQXPEHURIKLGGHQOD\HUVLVQRWDUELWUDU\DVWKHDERYHYDULDWLRQV
7DEOH9DULDWLRQRIQHXUDOQHWZRUNVWUXFWXUH
 +LGGHQOD\HUV 1XPEHURIQHXURQV
    
5HFRJQLWLRQUDWH     

,QGHHGWKHFKRLFHRIRQHKLGGHQOD\HUJLYHVDUDWHKLJKHUWKDQWKHFKRLFHRIWZRKLGGHQOD\HUV7KHVDPHWKLQJIRU
WKHQXPEHURIQHXURQVIRURQO\RQHKLGGHQOD\HUWKHKLJKHUUDWHLVDERXWZKHQWKHQXPEHURIQHXURQVLV
7DEOHSUHVHQWVWKHFRPSDULVRQUHVXOWVRIVHYHUDOPHWKRGVZKLFKFRQWDLQRXUDOJRULWKPDQGRWKHUVPHQWLRQHGLQ
SUHYLRXVZRUNVRQWKHVDPHLPDJHGDWDEDVH2EYLRXVO\WKHSUHFLVLRQRIRXUDOJRULWKPZKLFKLVDERYHLVKLJKHU
WKDQRWKHUV
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7DEOH&RPSDULVRQRIVHYHUDOOLFHQVHSODWHUHFRJQLWLRQPHWKRGVRQWKHVDPHLPDJHGDWDEDVH
5HIHUHQFHV $FFXUDF\
0RUSKRORJLFDO2SHUDWRU>@ 
&RQQHFWHG&RPSRQHQWV$QDO\VLV>@ 
*HQHWLF$OJRULWKP>@ 
7HPSODWH0DWFKLQJ>@ 
2XUPHWKRG 
&RQFOXVLRQ
,QWKLVSDSHUZHKDYHSUHVHQWHGDUREXVWPHWKRGIRU7XQLVLDQQXPEHUSODWHUHFRJQLWLRQ7KHV\VWHPFRQWDLQVWZR
ODUJHVWHSVVXFKDV/3H[WUDFWLRQDQG/3QXPEHUUHFRJQLWLRQ,QWKHVHFRQGVWHSZHXVHGDQDYHUDJHGSL[HOVPHWKRG
IRUIHDWXUHVH[WUDFWLRQLQRUGHUWRJHQHUDWHDYHFWRURIWUDLQLQJGDWDIRUHDFKFKDUDFWHURISODWHQXPEHUDQGWKHWUDLQLQJ
RI QHXUDO QHWZRUN:H WHVWHG WKHPHWKRGZLWK ODUJH QXPEHU RI SODWH LPDJHV FDSWXUHG LQ GLIIHUHQW HQYLURQPHQWV
FORXG\VXQQ\QLJKWWLPH«7KHH[SHULPHQWDOUHVXOWVVKRZWKDWWKHSURSRVHGDOJRULWKPFDQGHWHFWWKHORFDWLRQRI
/3DQGUHFRJQL]HLWLQGLIIHUHQWHQYLURQPHQWVZLWKUDWH
5HJDUGLQJIXWXUHZRUNVZHDUHLQYHVWLJDWLQJWRUHFRJQL]H7XQLVLDQ/3OHWWHUVVXFKDV³βϧϮΗ´DQG³Εϥ´DFTXLUHG
LQVRPH/3FDWHJRULHV6RRXUIXWXUHZRUNZLOOEHLQFOXGHVYLGHRSURFHVVLQJ

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